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METHOD FOR SUPPLYING VAPOUR TO THE IN TAKE AIR OF AN INTERNAL COMBUSTION ENGINE. AND 
DEVICE THEREFOR 



(57) Abstract 

The invention relates to a method for ■ 
supplying vapour to intake air that is supplied 
io an internal combustion engine (1). The 
method comprises the steps of compressing 
the intake air before supplying the vapour 
contacting, in a moistening means (8), 
the intake air with liquid, by simultaneously 
feeding the compressed intake air and the 
liquid into the moistening means (8) and 
causing the intake air and the Uquid to flow 
i- opposite directions through the moistening 
jis (8). The invention also relates to 
a device for supplying vapour to the intake 
air of an internal combustion engine (1). to 
which a compressor (6) for compressing the 
intake air is connected. The device comprises 
a moistening means (8), which is connected 
between the compressor (6) and the engine 
(I) and which comprises a first connection for 
feeding the water into the moistening means 
(8) and a second connection for feeding the 
intake air into the moistening means (8), the 
moistening means (8) being adapted to carry 
out the supply of water vapour to the intake 
air by contacting the intake air and the water 
with each other, while flowing in opposite 
directions through the moistening means. 
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METHOD FOR SUPPLYING VAPOUR TO THE INTAKE AIR OF AN 
INTERNAL COMBUSTION ENGINE , AND DEVICE THEREFOR 

The present: invention relates to a method for sup- 
plying vapour to the intake air of an internal combustion 
engine, and a device for carrying out the method. 

The principle of supplying water vapour to the 
intake air of the engine is known. This is effected in, 
inter alia, so-called turbo-charged internal combustion 
engines. Such moistening of the air yields, above all, a 
reduction of emissions of nitric oxide. This is of parti- 
cular interest in engines which operate with excess air 
and therefore cannot be provided with three-way cata- 
lysts. It is also known to supply, in the same manner, 
evaporated fuel to alcohol -powered engines. 

A device for supplying water vapour to the intake 
air of the engine is disclosed in Patent Specification 
15 US-4,632,067. In this device, like in other known devices 
applied in the same manner, water vapour forms by direct 
heating of the water by a heating element, whereupon the 
water vapour is mixed with the air that is supplied to 
the engine. This technique of evaporating the water 
20 requires high-grade energy in relatively large amounts. 
, Moreover, the regulating of the amount of supplied water 
vapour (or some other vapour) is difficult, since the 
vapour must be supplied in a well-balanced amount per 
litre of air for optimum results and, frequently, the 
25 flow of the intake air strongly varies during short 
periods . 

A basic object of the present invention is to pro- 
vide a method for supplying vapour to the intake air and 
a device for carrying out the method, which eliminate the 
above-mentioned drawbacks of the prior- art technique and 
drastically reduce the levels of nitric oxide emissions 
in an internal combustion engine and simultaneously in- 
crease the degree of utilisation of the fuel. 
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The basic object is achieved by a method and a 
device according to claims 1 and 5, respectively. By 
direct evaporation of the liquid in the intake air that 
is obtained, it is possible to achieve, as a special 
advantage, self -regulation of the amount of vapour in 
the intake air, and therefore no separate regulation of 
the amount of air in the intake air is required. 

A further object of the invention is to recover the 
energy for the evaporation from low-grade waste energy 
produced in the combustion process in the engine. 

This object is achieved by a method according to 
claim 2 or 3 and by a device according to claim 7 or 8 
Below follows a more detailed description of pre- 
ferred embodiments of the method and the device according 
15 to the invention. Reference is made to the drawing, in 

which the only Figure shows an internal combustion engine 
to which an embodiment of the inventive device is con- 
nected . 

The Figure illustrates an internal combustion engine 

20 1 with six cylinders 2* The engine is a turbo-charged 
diesel engine. The turbocharger comprises a turbine 3, 
which is connected to the exhaust gas side of the engine 
1 via an exhaust gas conduct 4. The turbine is, via a 
shaft 5, connected to and drives a compressor 6 for com- 

25 pressing the air supplied to the engine 1 on the intake 
side thereof via a first air conduct 7. Between the 
compressor 6 and the engine 1 a moistening means 8 is 
arranged, which in this embodiment is a moistening tower 
8 connected for supplying water vapour to the intake air 

30 before its being supplied to the engine 1 via a second 
air conduct 9. The water vapour is produced from water 
supplied from a tank 10, via a heat exchanger 11, to the 
moistening tower 8. In the heat exchanger 11, the water 
is heated by the engine cooling water, which circulates 

35 past the heat exchanger 11 via a conduit 12. The water is 
fed into the upper part of the moistening tower 8, while 
the air is fed into the lower part of the moistening 
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tower 8. The water is dispersed in the moistening tower 
8 by means of a nozzle (not shown) to a mist which fails 
down, and is then again collected at the bottom of the 
moistening tower 8, from which it is discharged to the 
5 tank 10 via a conduit 13. At the same time, the air is 
fed under pressure into the moistening tower 8 and flows 
upwards and out into the second air conduct 9 . In the 
moistening tower 8, the air and the water are contacted 
with each other, while flowing in opposite directions. 
10 Fuel is supplied to the engine 1 via a fuel lead 14, and 
the engine is connected to a generator 15. 

The supply of vapour occurs as follows. The intake 
air is compressed in the compressor 6, which, via the 
shaft 5, is driven by the turbine 3, which in turn is 
15 driven by the exhaust gases of the engine 1. The com- 
pressed and, thus, heated intake air is conducted to the 
lower part: of the moistening tower 8, but, where appro- 
priate, above the water that is collected at. the bottom 
of the moistening tower 8. Water is collected from the 
20 tank 10 and fed into the upper part of the moistening 
tower 8 and has on its way passed through the heat 
exchanger and become heated. In the moistening tower 8, 
the water is dispersed to a mist and passes, while fall- 
ing down through the moistening tower 8, through the 
25 intake air flowing up through the moistening tower 8. 
Part of the water is evaporated and accompanies the 
intake air out of the moistening tower 8 and into the 
combustion chamber of the engine 1. A significantly 
greater flow of water is thus supplied as compared to the 
30 flow of water that is evaporated. Consequently, the eva- 
poration energy is taken from the actual water. This is 
called enthalpy change. When the evaporation of water is 
effected in this manner in a gas mixture, the evaporation 
occurs at considerably lower temperatures than in case of 
35 only water being present, such as in the prior-art tech- 
nique, owing to the evaporation occurring at the partial 
pressure which, for the time being, the water vapour 
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exerJ^n the gas mixture. This implies^ the evapora- 
tion close to the point where the air is supplied to the 
moistening tower 8- will occur at a very low temperature 
so as to increase upwards through the moistening tower 8 
as the moisture content and, thus, the partial pressure 
increase. When a powerful evaporation as mentioned above 
occurs at a relatively very low temperature, it becomes 
possible to use low-grade energy for the evaporation pro- 
cess. Low-grade energy is obtained in great amounts as 
excess heat from the engine 1 in the cooling water or 
exhaust gases. Thus, the cooling water, as mentioned 
above, the exhaust gases, or both can be used for pre- 
heating the water before its being supplied to the moxs- 

-tening tower 8 . . 

Preferred embodiments of the method and the device 

according to the invention have now been 

should be considered as examples only, and many mod.f.ca 
tions are feasible within the scope of the 
defined in the accompanying claims. For example, instead 
of water any liguid that is desirable and suitable can be 
evaporated. The nozzle which disperses the liguid can be 
replaced by e.g. an arrangement over which or through 
^cn depending on its design, the liguid flows towards 
the bottom of the moistening means. 
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1 . A method for supplying vapour to intake air that 
5 is supplied to an internal combustion engine ( 1 ) , com- 
prising the step of contacting, in a moistening means 
(8), the intake air with liquid, the supply of vapour 
being carried out by the steps of simultaneously feeding 
the intake air and the liquid into the moistening means 

10 (8) and causing the intake air and the liquid to flow in 
opposite directions through the moistening means ( 8 ) , 
characterised by the steps of compressing the 
intake air before supplying the vapour, and using the 
energy inherent in the cooling water or exhaust gases of 

15 said engine (1) for preheating the liquid before feeding 
thereof into the moistening means ( 8 ) . 

2. The method as claimed in claim 1, charac- 
terised by the steps of feeding the liquid into an 
upper part of the moistening means (8); dispersing the 

20 liquid to a mist; letting the mist fall freely down 

through the moistening means ( 8 ) ; feeding the intake air 
into a lower part of the moistening means ( 8 ) and letting 
the intake air flow up through the mist. 

3 - The method as claimed in claim 1 or 2 , char- 

25 acterised by the steps of feeding the liquid into 
an upper part of the moistening means ( 8 ) ; spreading the 
liquid over a body arranged in said moistening means ( 8 ) 
and letting the liquid flow downwards along said body; 
and feeding the intake air into a lower part of said 

30 moistening means ( 8 ) and letting the intake air flow 
upwards along said body. 

4. A device for supplying vapour to the intake air 
that is supplied to an internal combustion engine, said 
device comprising a moistening means ( 8 ) which has a 

35 first connection for feeding liquid into the moistening 
means ( 8 ) and a second connection for feeding the intake 
air into the moistening means ( 8 ) , said moistening means 
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(8) being adapted to carry out the supply^of vapour to 
the intake air by contacting the intake air and the 
liquid- with each other, while flowing in opposite direc- 
tions through said moistening means (8), charac- 
5 terised in that said device further comprises a 

preheater (11) which is connected to the first connection 
of said moistening means (8) for preheating the liquid 
before feeding it into the moistening means (8), said 
preheater (11) being connected either to the- cooling 
10 water or to the exhaust gases of said engine (1) for 

transmitting the energy inherent in said cooling water to 
said liquid, and that the second connection of said mois- 
tening means ( 8 ) is connected to a compressor (6) adapted 
to compress the intake air and connected to the engine. 
15 5. The device as claimed in claim 4, charac- 

terised by a nozzle which is arranged in the upper 
part of said moistening means ( 8 ) and which is connected 
to said first connection for spreading and dispersing the 
liquid to a mist. 
20 6- The device as claimed in claim 4 or 5, char- 

acterised by an arrangement which is mounted in 
said moistening means (8) and along which the liquid 
flows downwards. 
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